Propionic acid-producing Corynebacterium strains that lacked mycolic acids and were formerly identified as Corynebacterium minutissimum, Corynebacterium xerosis, Corynebacterium striatum, and CDC group I, and F, strains were studied to determine their relatedness to Corynebacterium amycolatum. A total of 60 strains were used for phenotypic characterization studies, and 26 of these strains were used for genetic studies. DNA-DNA hybridization experiments performed at 65°C revealed that the levels of relatedness between the propionic acid-producing strains and the type strain of C. amycolaturn were more than 70% and that the AT, values ranged from 0 to 5°C (AT, is the difference between the denaturation temperature of a homoduplex and the denaturation temperature of a heteroduplex); these values are consistent with inclusion of these strains in the species C. amycolatum. Currently used conventional tests, such as urease, nitrate reduction, and sugar fermentation tests, were not suitable for accurate identification of C. amycolatum. Phenotypic differentiation of this species from related taxa should be based on the following characteristics in addition to propionic acid production: lipid requirement, Tween esterase activity, tyrosine clearing, alkaline phosphatase activity, a-glucosidase activity, and P-glucuronidase activity.
strains that were isolated from human sources differ phenotypically in some characteristics, as shown by the results of conventional tests, all of these organisms lack mycolates and have many common cultural, biochemical, and chemotaxonomic characteristics. DNA relatedness studies revealed that all of these organisms are members of C. amycolatum.
MATERIALS AND METHODS
Bacterial strains. A total of 60 mycolateless PAP strains obtained from various clinical sources were tested to determine their phenotypic characteristics. The organisms were presumptively identified by using previously described methods (5, 12) . The strains which we used and their origins are shown in Table 1 .
Reference strains of the most relevant Coynebactenurn species found in humans, including the type strain of C. amycolaturn, were compared with the study strains.
Growth conditions. A requirement for lipid was assessed by comparing growth on tryptic soy agar containing 1% Tween 80 and growth on tryptic soy agar lacking Tween 80.
Biochemical properties. Catalase, oxidase, carbohydrate fermentation, pyrazinamidase, indole production, urea hydrolysis, nitrate reduction, gelatin hydrolysis, and esculin hydrolysis tests were performed by conventional methods (15) . Tween esterase was detected by the method of Sierra (18) . The tyrosine clearing test was performed on nutrient agar containing 0.5% (wthol) L-tyrosine. Alkaline phosphatase, pyrrolidonyl arylamidase, a-glucosidase, P-glucosidase, a-galactosidase, p-galactosidase, and p-glucuronidase tests were performed by using diagnostic tablets (Rosco Diatabs, Taastrup, Denmark). An identification analysis was performed in parallel by using a commercial M I Coryne kit (MI System bioMCrieux, Marcy l'Etoile, France). API 50CH panels (API System bioMkrieux) were used to test acid production from a large number of carbohydrates.
Production of propionic acid was detected after 48 h of growth in glucose broth by gas-liquid chromatography, using a model IGC 121 DFL chromatograph (Intersmat, Brussels, Belgium) and a packed glass column; the solid phase was SP 1000 obtained from Chrompack International, Middelburg, The Netherlands.
Cell wall fatty acids were extracted by the method of Lambert and Moss (13) from cells grown for 48 h on brain heart blood agar. The fatty acid analysis was performed at 45 to 210°C by using the capillary column of a Delsi DI 200 chromatograph (Intersmat) equipped with split-splitless injection and a flame ionization detector. The results were expressed as relative percentages by using an Enica 31 integrator obtained from Delsi Nermag Instruments (Intersmat).
Mycolic acids were detected by thin-layer chromatography as described by Minnikin et al. (14) .
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brain heart infusion (Difco) supplemented with 0.1% (vol/vol) Tween 80 at 37°C with shaking for 2 days. The cells were washed twice in 50 mM Tris buffer and then resuspended in 15 ml of a buffer containing 50 mM Tris and 100 mM sucrose. Lysozyme (60 mg) was added, and the mixture was incubated at 37°C overnight. Then 1 ml of a 2% (wt/vol) sodium dodecyl sulfate solution and 100 p,l of a proteinase K solution (10 mglml) were added, and the mixture was incubated at 60°C for 2 h. DNA was purified as described elsewhere (4). The exact procedure used for in vitro labeling of DNA with tritium-labeled nucleotides and for hybridization experiments (S1 nuclease-trichloroacetic acid procedure) have been described previously (11). The temperature at which 50% of a reassociated DNA became hydrolyzable by S1 nuclease (T,) was determined as described by Crosa et al. (8) . AT, (the difference between the T, of a homoduplex and the T, of a heteroduplex) is an estimate of the level of divergence between two DNAs (3).
Antibiotic susceptibility. Antibiotic-susceptibility was determined by the disk diffusion method.
RESULTS
Morphological and cultural characteristics. The PAP strains that had the biochemical profiles of C. minutissimum, C. xerosis, C. striatum, and CDC groups I, and F, and the type strain of C. amycolatum had similar cell and colony morphologies. Gram staining revealed short, somewhat granular, grampositive rods in typical V-shaped and palisade arrangements. The colony sizes were quite irregular, ranging from 0.3 to 1.5 mm after 24 h of incubation on blood agar. The colonies were grayish and had a characteristic dry, waxy appearance, whereas the colonies of true C. minutissimum and C. striatum strains glistened. The type strain of C. xerosis also produced dry colonies, but the colonies were yellowish. None of the strains had a requirement for lipid.
Biochemical properties. The strains were catalase positive and oxidase negative. Glucose was fermented with the production of acetic acid and a large amount of propionic acid by the strains which we studied, as well as C. amycolatum. As determined with API 50CH panels, all of the strains produced acid from D-glucose, D-fructose, D-mannose, glycerol, and D-ribose. The results were variable for galactose, maltose, sucrose, and trehalose, and acid was not produced from L-arabinose, ribitol, galactitol, cellobiose, D-fucose, mannitol, L-sorbose, D-glucitol, D-xylose, L-rhamnose, myo-inositol, N-acetyl-D-glucosamine, a-methybglucoside, amygdalin, salicin, lactose, turanose, and melibiose. Esculin was not hydrolyzed.
All of the strains were negative for indole production, gelatin hydrolysis, Tween 80 esterase activity, tyrosine clearing, pyrrolidonyl arylamidase activity, a-galactosidase activity, P-galactosidase activity, P-glucosidase activity, and P-glucuronidase activity. The a-glucosidase test was negative for all of the strains except strains 275 and 409, for which the test was strongly positive as determined by both the API Coryne method and the Rosco Diatabs method. The tests for pyrazinamidase activity, starch hydrolysis, and alkaline phosphatase activity were positive. Variable results were obtained in the tests for urease activity and nitrate reduction. The results of sucrose and maltose fermentation, nitrate reduction, and urease tests allowed us to presumptively place the strains in the following species or groups: 21 strains in C. minutissimum, 10 strains in C. xerosis, 9 strains in C. striatum, 14 strains in CDC group I,, and 2 strains in CDC group F,. Four strains could not be placed in any known species since they exhibited the profile of C. minutissimum but were maltose negative. The type strain of C. amycolatum had biochemical characteristics that were consistent with previous descriptions. This strain fit the profile of CDC group F,, but, as noted previously, strains of C. amycolatum may have different biochemical profiles (1, 6).
The presumptive identities determined by the API Coryne system and by conventional tests were the same for all but six strains. Strain 116 was identified as a member of Coiynebacterium jeikeium and strains 28, 84, and 296 were identified as CDC group G strains by the API Coryne system. However, these identities were not consistent with the lack of a requirement for lipid or serum by these four strains. Strains 291 and 233 were both identified as C. xerosis strains by the API Coryne system. Cellular fatty acid compositions. The fatty acid patterns of the strains determined by gas-liquid chromatography revealed that these organisms contained straight-chain saturated and unsaturated fatty acids, which is consistent with the description of the genus Corynebacterium (2). No tuberculostearic acid was present. The quantitative fatty acid compositions of 50 PAP strains were determined, and the results are shown in Table 2 .
Mycolic acids. The 60 strains which we studied lacked mycolic acids, in contrast to the type strains of C. minutissimum, C. striatum, C. xerosis, and Corynebacterium pseudodiphthen'ticum, which were used as positive controls.
DNA-DNA hybridization. The relative levels of reassociation between unlabeled DNAs from Corynebacten'um species and labeled DNAs from strains 22 and 319 and C. amycolatum CIP 103452T (T = type strain) are shown in Table 3 . The levels of relatedness between strains 22 and 319 and the type strains of C. minutissimum and C. stn'atum ranged from 1 to 17%. The levels of relatedness among strains 22, 319, and CIP 103452T ranged from 72 to 87%, with AT-values between 2.0 and 4.0"C. Thus, these three strains represent a single DNA relatedness group (20) . The 4 strains designated PAP C. minutissimum, the 5 strains designated PAP C. xerosis, the 3 strains designated PAP C. striatum, the 10 strains designated PAP CDC group I,, and the 2 strains designated PAP CDC group F2 exhibited levels of relatedness to one, two, or three of the reference strains (strains 22, 319, and CIP 103452T) of more than 70%, with AT, values of less than 5°C. The reassociation values were less than 70% with only the following six pairs of strains: strains 275 and 22, 197 and 319, 181 and 319,272 and 319,213 and 103452, and 293 and 103452 . These strains were associated with higher levels of reassociation (>70%) with labeled DNAs of the other reference strains and with AT,,, values of less than 5°C. Thus, the six low values which we obtained (levels of reassociation, 58 to 69%) should be considered experimental artifacts.
Susceptibility of strains to antibiotics. A total of 19 of 54 strains were resistant to ampicillin, whereas the true C. stn'aturn and C, minutissimum strains (15 and 16 strains, respectively) were susceptible to this antibiotic. Some of the strains which we studied were resistant to several antibiotics.
DISCUSSION
As shown by the DNA-DNA hybridization results, the 60 PAP mycolateless Corynebacterium strains that fit the biochemical profiles of C. minutissimum, C. xerosis, C. stn'atum, CDC group I,, and CDC group F, exhibit high levels of DNA ' ND, not done. complementarity with each other and with the type strain of C. amycolatum, and the AT, values range from 0 to 5°C. Therefore, all of these strains should be included in the species C. amycolatum. The AT, values between 3 and 5°C suggest that there is some genomic heterogeneity within the C. amycolatum genomospecies. Previously, Barreau et al. (1) demonstrated, on the basis of the results of whole-cell protein electrophoresis, whole-cell sugar analysis, and cell wall component studies, that C. amycolatum, "Corynebacterium asperurn," some strains of C. minutissimum, C. striatum, CDC group I,, and CDC group F, were closely related. These authors did not include strains identified as C. xerosis in their mycolic acid-less isolates, while in our study, all of the strains identified as C. xerosis by con- ventional methods produced propionic acid and were devoid of mycolates. Indeed, we did not find any C. xerosis strain that had the characteristics of type strain CIP 100653. The genetic heterogeneity of C. xerosis strains was discussed in a recent study by Coyle et al. (7) . In a previous study Van Bosterhaut et al. described the isolation of three PAP C. minutissimum strains from highly relevant clinical samples (19) ; these strains (strains 22, 28, and 215) were included in our study. These organisms lack mycolic acids and belong to the species C. amycolatum, as shown by DNA-DNA hybridization data. It is obvious that the strains that exhibit the PAP C. minutissimum profile are not genetically related to the type strain of C. minutissimum; similarly, the PAP C. xerosis strains are not related to the type strain of C. xerosis, and the PAP C. striatum strains are not related to the type strain of C. striatum. Current conventional identification tests, which are based mainly on sugar fermentation, urease activity, and nitrate reduction data, do not result in accurate identification of C. amycolatum. Moreover, this species is not included in the API Coryne database. Therefore, it could be foreseen that C. amycolatum strains could be misidentified as C. minutissimum, C. xerosis, C. striatum, CDC group F,, and CDC group I, strains.
If propionic acid production and chemotaxonomic characteristics, such as the absence of mycolic acids and the presence of specific cell wall fatty acids, are not used, C. amycozatum can be distinguished from other fermenting corynebacteria by the following phenotypic characteristics: from C. diphthen'ae by positive pyrazinamidase and alkaline phosphatase tests; from C. minutissimum and C. striatum by the absence of Tween esterase activity and tyrosine decomposition; from C. xerosis by the lack of a-glucosidase activity in the majority of the strains; from C. glucuronoZyticum and C. seminale by the absence of P-glucuronidase activity; from C. jeikeium and other lipophilic species by the lack of a lipid requirement; and from most of these species by a lack of Tween esterase activity. Propionibacteria also produce propionic acid, but their cellular fatty acids are mainly branched fatty acids. Moreover, although some strains grow aerobically, their growth is enhanced by anaerobic conditions. Characteristics which differentiate C. amycolatum and the main fermenting, nonlipophilic Corynebacterium species of human origin are shown in Table 4 .
Our results confirm that the mycolic acid-less corynebacteria are related to C. amycolatum, as suggested by Barreau et al. (1) . Our results also demonstrate the usefulness of detection of propionic acid production by corynebacteria as proposed by Estrangin et al. (9) . Indeed, C. amycolatum includes the vast majority of the nonlipophilic PAP corynebacteria of human origin other than C. diphtheriae.
